Deep-Sea Ecology: Infectious Impact on Ecosystem Function
Deep seas cover more than half the planet and depend due to their lack of light on inflow of nutrients from above. Viruses play a critical role for the trophic supply of the deep-sea environments.
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Life on earth depends on the primary production of photosynthesising organisms. In the marine realm, food availability is a function of depth, as primary production depends on light and, therefore, only occurs in the upper layer of the ocean, the euphotic zone. The deeper the ocean, the less food (i.e. organic matter) is available for the organisms. Abyssal deep-sea ecosystems are huge and cover 54% of the Earth's surface. Especially for deep-sea sediments, microbes are important in turning over the organic matter on its way to the seafloor. In the so-called 'microbial loop' organic matter of aggregates is constantly changed and can be transformed from particulate organic matter to dissolved organic matter, which is then available for other microbes. Viruses are the most abundant life forms in the ocean and infect presumably every type of organism -from the tiniest bacterium to the giant blue whales. Through their contribution to organismal mortality, viruses are likely to play a major role in the flow of energy and carbon through the trophic levels of the oceanic ecosystem. A recent paper by Danovaro et al. [1] shows how viral infection plays an important role for the functioning of the largest ecosystem of the biosphere -the deep sea -by controlling benthic prokaryotic biomass, by stimulating prokaryotic metabolism and by accelerating biogeochemical processes. Due to viral infection about 80% of the prokaryotic heterotrophic organisms are killed and made available for the foodweb. This process obviously depends on pressure, as with increasing depth and below 1000 m almost 100% of the prokaryotic heterotrophic production is transformed into detritus.
On the basis of a data set of 232 sediment samples, Danovaro et al. [1] calculated that on a global scale the death of prokaryotes due to viral infection (viral shunt) releases 0.37-0.63 gigatonnes of carbon per year. Therefore, the 'victims' of viruses are an essential source of labile organic detritus -fine organic matter that is consumed by a lot of small omnivorous invertebrates and that plays an important role in the food web as it is also consumed by organisms on higher trophic levels. The viral shunt thus sustains a high prokaryotic biomass and provides an important contribution to prokaryotic metabolism. The prokaryotes are important in the oceanic foodweb, as they can be consumed by higher organisms (metazoans) or serve to alter organic matter or aggregates in the water column. This microbial loop allows the deep-sea system to cope with the severe organic resource limitation which is a characteristic of the dark and extreme abyssal environments that lack photosynthetic primary production and instead depend on the carbon export from the surface oceans. Viruses are thus expected to have a direct impact on ecosystem functioning, which refers to processes such as the microbial and also biogeochemical flow of energy and matter (which is enhanced by the viral shunt) within and between ecosystems [2] .
In the recent past, experiments in various ecosystems analysed the relationship between biodiversity and ecosystem function. It was shown that the more complex an ecosystem is, the higher the biodiversity tends to be and the 'healthier' the ecosystem [2] . Nowadays, the composition and diversity of biological communities is altered by anthropogenic impact through a variety of activities [3] [4] [5] [6] . These activities increase the rate of species extinction and species invasion from local to global scales. Therefore, the effects of biodiversity loss on ecosystem functioning have been intensely investigated over the past decade [7] , showing that species diversity generally has a positive but saturating effect on ecosystem processes [7] [8] [9] [10] . This pattern is remarkably consistent across trophic levels from microbes to top predators as well as across different types of ecosystem. For the deep-sea, Danovaro et al. [7] documented a positive relationship between species diversity and a number of benthic deep-sea ecosystem properties on a global scale. As deep-sea ecosystems are by far the largest and most extensive ecosystems on the Earth's surface, they are presumed to be extremely rich in biodiversity. However, from recent investigations in the Southern Ocean we know that most of the deep-sea biodiversity is yet undiscovered [11] , and that a non-saturating relationship between species diversity and ecosystem functioning might be more common than previously believed. This raises serious concerns that deep-sea biodiversity reduction might also have significant impact on the Earth's biogeochemical processes and nutrient cycles.
The abyssal seafloor is roughly situated between depths of 3500 and 6500 m and is essentially a network of plains and rolling hills punctured by seamounts, and subdivided by mid-ocean ridges, island arcs and ocean trenches [12] . Smith et al. [12] showed that in the abyss ecosystem structure and function are strongly dependent on the quantity and quality of detritus sinking from the surface ocean, both of which is enhanced by the viral shunt [1] . Several ecological generalizations can be made about abyssal habitats [12] : The abyssal seafloor is mostly covered by fine sediments (medium sands to clays), characterized by an absence of in situ primary production (except at spatially rare hydrothermal vents and cold seeps), it is well oxygenated and cold at temperatures of 0.5-3.0 degrees Celsius. Abyssal sediments are also biogenic, consisting of the skeletons of giant protozoans, such as foraminiferans, and the burrows, mounds and traces of larger benthic animals. Sediment composition is also strongly altered by macrofauna and meiofauna living in the sediments. Probably the most important ecological characteristic of abyssal ecosystems is the above mentioned energy (i.e. food) limitation [1, 2] . According to Smith et al. [12] , only 0.5-2% of net primary production in the euphotic zone reaches the abyss. The small particle flux can be augmented by the fall of larger carcasses and downslope transport of organic material near continental margins [13] . Based on these assumptions, rough global extrapolations suggest, albeit controversially, that the vast size of the abyss could allow it to be a major reservoir of biodiversity [14] .
The reworking of seafloor sediments by biological activity also enhances ecosystem functioning through complex biogeochemical interactions depending on the mode of living of the organisms (e.g. burrowing) and particle size (grain) diversity [15, 16] . The composition of soft-sediment communities, for instance of burrowing animals such as worms and mussels or arthropods usually living on the sediment is influenced by particle size. The structure of deep-sea sediments is important because sessile deposit feeders rely on hard bottoms for settlement as well as organic matter (e.g. detritus) for nutrition. The vagile deposit feeders, which are able to swim or move, probably comprise most of the organisms in the deep sea and there are interspecific differences in particle size preferences. Sediment particle size diversity also reflects habitat complexity of the deep environments because the organisms live on or within the sediments [16] .
Different mechanisms obviously contribute to biodiversity-ecosystem functioning relationships, for example food availability, viral infection and prokaryotic death fueling the pelagic food web, diversity of benthic communities, sediment particle size and other abiotic parameters. However, in the past only positive species interactions were supposed to enhance biodiversity [17] . It was generally accepted that when species interactions are positive and species benefit from these interactions, this might lead to a mutual enhancement of their general performance. In conclusion, the exponential relationships observed by Danovaro [7] under controlled environmental conditions, would document that mutualistic interactions prevail in deep-sea communities, even if viral infection is generally thought to have a negative impact. Despite having a negative effect for the prokaryotes being infected, the viral shunt plays an important part in the maintenance of high benthic deep-sea biodiversity, quite an interesting conclusion.
In summary, ecosystem structure and function in the abyss are strongly modulated by the rate and nature of food flux to the seafloor. Climate change and successful ocean fertilization will substantially alter productivity patterns in the surface ocean and in turn the flux of food material to the abyss [12] and profoundly affect abyssal ecosystem structure and function. We can only hope that the viral shunt documented by Danovaro et al. [1] will continue to have a positive effect on future presumed altered patterns of diversity and ecosystem services.
Plants may terminate in a flower, as in a tulip, or in an inflorescence, a branched structure with multiple flowers. The decision to produce a flower or an inflorescence is also a decision about meristem determinacy. Meristems are the groups of cells in plants that carry out stem-cell renewal at the same time that they coordinate organ formation from the periphery of the meristem. Floral meristems are considered determinate -they produce floral organs and end in the production of seeds. In contrast, inflorescence meristems are considered indeterminate, as they continue to initiate meristems that form in the axils of lateral organs, such as bracts.
In monopodial species, such as snapdragon (Antirrhinum) and Arabidopsis, the apical meristem remains indeterminate and produces lateral meristems that become flowers ( Figure 1A ). In sympodial species, which produce inflorescence structures known as cymes, the apical meristem terminates in the floral meristem, while the lateral meristem becomes an inflorescence meristem. This meristem repeats the process by terminating in a floral meristem, with the lateral meristem becoming the inflorescence meristem ( Figure 1B,C) . The process may yield only one flower (as in pepper or petunia), five to six flowers (as in tomato), or dozens of flowers (as in the Chilean potato vine) [1, 2] . Mutants exist in petunia and tomato that delay determinacy of the floral meristem, creating a more branched plant that often fails to make flowers altogether.
Three recent papers examine the genetic network that results in a cyme, revealing a striking concordance in regulators [2] [3] [4] . The petunia ABERRANT LEAF AND FLOWER (ALF) and the tomato FALSIFLORA (FA) genes are orthologs of LEAFY (LFY) in Arabidopsis and FLORICAULA (FLO) in Antirrhinum [4, 5] . LFY and FLO are plant-specific transcription factors that promote floral fate in both Arabidopsis and Antirrhinum, respectively [6, 7] . The petunia DOUBLE TOP (DOT) and tomato ANANTHA (AN) genes encode an F-box protein and are similar to UNUSUAL FLORAL ORGANS (UFO) in Arabidopsis and FIMBRIATA (FIM) in Antirrhinum [2, 4, 8] . UFO/FIM is a component of the SCF ubiquitin ligase that plays a role in floral-organ specification and a minor role in floral-meristem fate [9] [10] [11] . Recently, a new regulator was discovered by cloning EVERGREEN (EVG) in petunia [3] and COMPOUND INFLORESCENCE (S) in tomato [2] , both of which are orthologs of the WUSCHEL-RELATED HOMEOBOX (WOX) gene family member STIMPY, known to function in the maintenance of stem cells [12] . The evg mutants are unique in that they also have 
